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INTRODUCTION
The goal of endodontic therapy is to hermetically seal all pathways of communication between the pulpal and periradicular tissues. A mandatory requirement of root canal therapy is that the obturation and restoration of the tooth must seal the root canals both apically and coronally to prevent leakage and percolation of oral fluids and to prevent recontamination of infected canals. [1] Filling of the root canal apical third must be looked upon separately from the filling of the rest of the canal keeping in mind the active and constant metabolic processes occurring in the periapical area. [2] Special attention must be paid to the interface formed between dentinal root canal walls, gutta-percha and sealer on one side and periodontium and body fluids on the other side. [2] Most endodontic failures occur as a result of leakage of irritants from pathologically involved root canals. [1] However, because of the complexity of root canal systems, inadequate instrumentation and presence of physical barriers, sometimes achievement is impossible. In these cases, surgical endodontic therapy becomes the first alternative. The basic surgical procedure includes resection of root tip (apicoectomy) and periapical curettage. [3] The primary goal in apical resection is to perform a hermetic sealing between the apical portion of the root canal and periapical tissues by retrograde root-end filling. [3] Throughout the dental history, a wide variety of materials have been used for retrograde fillings, but no material has been found that fulfills all or most of the properties for ideal retrograde filling material. Cements and sealers such as ZnOE cement, IRM, super EBA, cavit, zinc polycarboxylate, zinc phosphate and glass ionomer cements, mineral trioxide aggregate (MTA), calcium phosphate cement, and bone cement have also been employed for retrofillings. [4] MTA (ProRoot MTA) was developed at Loma Linda University in the 1990s as a root-end filling material. [5] It received acceptance by the US Federal Drug Administration and became commercially available as ProRoot MTA. [5] It is currently being used in several clinical situations such as root-end filling, repair of root and furcation perforations, apical plugs, apexification and direct and indirect pulp capping, and for obturation. [5] Recently, another type of MTA has been introduced in the market. [6] According to the manufacturer, MTA Plus (Avalon Biomed Inc., Bradenton, FL, USA) is similar in composition to ProRoot MTA and MTA angelus but is ground finer. [6] It is composed of tricalcium and dicalcium silicate, bismuth oxide, calcium sulfate, and silica with finer particle size than other commercially available MTA versions (50% of the particles finer than 1 μm). [6] MTA Plus particles are small in size, and have a greater surface area. [6] It has low setting time than that of MTA because of small particle size. [6] More recently, a new calcium-silicate restorative material called Biodentine has been produced by Septodont (Saint Maur Des Fosses, France). [7] It can be used not only as an endodontic repair material like MTA but also as a coronal restorative material for dentin replacement. [7] It can also be used in root-end filling, repair of root and furcation perforations, apical plugs, apexification, and direct and indirect pulp capping. [5] Considering the successful outcome of thesematerials, this study was undertaken to compare and evaluate the apical sealing ability of these three root-end filling materials (MTA Plus, Biodentine, MTA).
MATERIALS AND METHODS
One hundred forty recently extracted human maxillary permanent incisors were selected for the experiment. The teeth had been extracted for periodontal and orthodontic reasons. Following extraction, the teeth were cleaned and stored in normal saline. Criteria for teeth selection included a single root canal without curvature; no visible root caries, no fracture or cracks on examination with a ×4 magnifying glass; no signs of internal or external resorption or calcification and completely formed apex [ Figure 1 ].
Preparation of specimens
Preoperative radiographs were exposed to confirm the canal anatomy. The coronal portion of the selected teeth was sectioned [ Figure 2 ] at cementoenamel junction using a diamond disc (Wuxi Xianghong Industrial and Trading co. Ltd., China). After access cavities were prepared, a size 10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) was introduced into the canal until the tip was visible at the apical foramen. The working length was determined by subtracting 0.5 mm from this measurement. This same file was used as a patency file during preparation. The maximum size of the initial file that fitted at 1 mm from the apex was size 20. Roots in which initial files were larger than size 20 were excluded from the study and replaced with new roots.
Root canals were prepared using step-back technique until reaching a master apical file size 45. The canals were irrigated between instruments with 2 ml of 3% Sodium hypochlorite (NaOCl) Finally, the root canal was irrigated with 5 ml of 3% NaOCl, followed by irrigation with 5 ml of 17% ethylenediaminetetraaceticacid (EDTA) solution for 1 min (Prevest Dental Products Pvt., Ltd., Jammu and Kashmir, India) and a final rinse with 5 ml of distilled water. Subsequently, root canals were dried and obturated with gutta-percha and AH Plus sealer (Dentsply Delhi, India) using lateral compaction technique. Excess gutta-percha was removed with a heat-carrier and remaining gutta-percha was vertically condensed at the canal orifices with a hand plugger. Radiographs were taken to confirm the quality of obturation and the canal orifices were sealed with glass ionomer cement. All samples were stored at 37 ± 1°C and 100% relative humidity for 7 days in an incubator [ Figure 3 ].
Groups
The obturated samples were randomly divided into two control and three experimental groups of 28 samples each. 

Root-end preparation
In the negative control group (Group I), apical preparation was not done and the entire specimen including the root canal orifice and the apical foramen was completely coated with three layers of nail varnish and the apex covered with sticky wax to prevent the dye leakage into the root canal system.
The apical 3 mm of the obturated roots in the other groups were resected at the apical end at 90° to the long axis using a cross cut fissure bur (FG 556, Mani, Japan). A standardized 3 mm deep and 1.2 mm wide root-end cavity was prepared using a straight fissure diamond bur (Harico, ISO -008) following the morphology of root canal. The cavities were irrigated with EDTA which was followed by saline, and the cavity was then dried. The root-end cavities were filled with softened gutta-percha in Group II (positive control group), Biodentine in Group III, MTA Plus in Group IV, and MTA in Group V, respectively. These materials were manipulated according to the manufacturers' instructions and the cavities were filled using a MTA Messing's carrier. The samples were then wrapped in a wet gauze and placed in an incubator at 37°C for 48 h to allow complete set of the root-end filling materials.
Dye preparation
Apical leakage was evaluated using rhodamine B dye penetration technique. Following root-end filling, all the samples in Groups II-V, were then coated with three layers of nail varnish except at the apical resected root surface (sectioned surface) and rootend filling, and then allowed to dry. All the samples from all groups were suspended in 2% rhodamine B dye solution for 72 h at 37°C and 100% humidity [ Figure 4 ]. Thereafter, the samples were removed, rinsed for 15 minutes under tap running water and air dried. Nail varnish was removed with a scalpel and samples were sectioned vertically in a bucco-lingual direction into two sections with a diamond disc under copious irrigation with cold water. Dye penetration was measured linearly to its further extent within the root-end cavity using a calibrated stereomicroscope (LABOMED PLUS) with ×50 magnification. The greatest depth of dye penetration along one of the cavity walls was measured in millimeters using progress capture pro v.2 camera control software (28 version).
Statistical analysis
Mean and standard deviation was performed using a one-way ANOVA analysis of variance. Statistical analysis carried out by SPSS 16 Software. 
RESULTS
Results showed that all materials used in this study exhibited microleakage, but there was a significantly less microleakage in Group IV (MTA Plus) when compared to Group III (Biodentine) and Group V (MTA) [ Table 1 ].
DISCUSSION
Microorganisms play an important role in pulpoperiapical diseases. The primary aim of root canal treatment is the elimination of pulpal and periapical diseases. The success of endodontics, therefore, depends on good instrumentation and cleaning of the root canal combined with perfect hermetic closure of its apical third. [3] However, several factors inherent to the endodontic procedures, such as perforations, instruments blockage, calcifications, and anatomic anomalies can lead to treatment failures. [8] In some cases, conventional endodontic treatment is not sufficient to solve the problem and surgical endodontics intervention is required. [8] This involves the exposure of the involved root apex, resection of its apical end, root-end Class 1 cavity preparation, and insertion of an appropriate rootend filling material. [3] Over the years, several different retrograde rootend filling materials have been used, such as silver amalgam, IRM, glass ionomer, and composite resins. However, these mentioned materials have not met the requirements for an ideal root-end filling material. [9] Apical ramifications and laterals canals are very common near root tip. [10] Resection at the depth of 3 mm reduces the apical ramifications by 98% and lateral canals by 93%. [10] During preparations of rootend cavity, good visualization and easy access are the main criteria for choosing 0°, 30° or 45° resection angles. [11] However, angled root-end resection also opens dentin tubules which can increase the risk of bacterial contamination and microleakage resulting in failure of endodontic surgery. [11] Gagliani et al., and Gilheany et al.
in their studies stated that the microleakage increased significantly with increased angulations of the resected root-end. [10, 12] In the quest for an effective apical barrier, various techniques and materials have been investigated. Several methods have been employed to evaluate apical microleakage. [13] These include air pressure, neutron activation, radioisotope, electrochemical, fluid filtration, bacteria, and the use of the dyes. [13] In addition, various techniques such as scanning electron microscopy, transmission electron microscopy, and electron probe microscope analysis have been used to image and measure leakage. [13] There is no standardized leakage test to evaluate the sealing ability of endodontic materials. [13] Dye penetration is often used for leakage studies because dyes are relatively easy to be stored, applied and have their penetration assessed quantitatively. [14] Rhodamine B an organic dye compounded by a red-violet powder is classified as a xanthenic dye. [15] It presents greater diffusion on human dentin than methylene blue. [15] According to Franci, the molecules of rhodamine B are nanometric and are optimal to simulate enzymes and toxins of leakage resulting from bacterial metabolism. [15] Rhodamine B dye has been the most preferred dye for confocal microscopy due to its fluorescence. [15] In the present study, all the samples in Group I (negative control) did not show apical leakage [ Figure 5 ], and this indicates that nail varnish is effective in leakage prevention. In Group II (positive control), all samples showed leakage along the gutta-percha [ Figure 6 ] indicating the need of a material that effectively seals the retrograde cavities. Under the experimental conditions of this in vitro study, the results showed that all the materials used in this study exhibited microleakage, but there was significantly less leakage in Group IV (MTA Plus) [ Figure 7 ] when compared to Group III (Biodentine) [ Figure 8 ] and Group V (MTA) [ Figure 9 ].
In the present study, the mean microleakage values of Group III (Biodentin) [ Figure 7 ] was 1.64 mm and Group V (MTA) [ Figure 9 ] was 1.62 mm. Since the basic components of Biodentin are similar to MTA, these materials are expected to have similar properties and effects. These results were in comparison with the studies done by Ozbay et al., and Saravanapriyan et al.
They compared the sealing ability of Biodentin with MTA (Angelus) and concluded that MTA has better sealing ability than Biodentine. [16, 17] Though, there was no statistically significant difference between Group III (Biodentin) and Group V (MTA), the minor variation in the lower microleakage values of MTA may be attributed to its superior marginal sealing ability resulting from its hydrophilic properties and formations of an interfacial layer between the material and dentin. [18] The interfacial layer reduces the risk of marginal percolation and gives promising long-term clinical success. Kubo et al. found that the further hydration of MTA powder by moisture can result in an increase in the compressive strength and decrease leakage. Saker et al. demonstrated that MTA has the ability to precipitate hydroxyapatite crystals in the presence of fluid which may be relevant in minimizing leakage thereafter. [19, 20] In the current study, the mean microleakage values of Group III (Biodentine) was 1.64 mm, Group IV (MTA Plus) was 1.16 mm and Group V (MTA) was 1.62 mm (Graph 1]. From the results of the present study, there was a statistically significant difference in the microleakage between Group III (Biodentine) and Group IV (MTA Plus) and between Group IV (MTA Plus) and Group V (MTA). The better performance of MTA Plus could be attributed to the finer particle size and the presence of an anti-washout gel which drastically increase the anti-washout resistance of MTA Plus. Camilleri et al. determined that the crystalline particles in MTA Plus were smaller (50% of the particles finer than the 1 μm) than those present in ProRoot MTA although the chemical composition were found to be similar. Smaller particle size is important for physical properties as it will increase the surface available for hydration and cause greater early strength as well as ease of handling. [17, 21] Camilleri and Farmosa et al. in their study observed that Bismuth was present in the hydrated MTA plus and was incorporated in the calcium silicate hydrate structure. This finding is similar to reports of ProRoot MTA where the bismuth oxide phase was not acting as a filler but was involved in the hydration reaction of MTA (Camilleri 2007 (Camilleri , 2008 . [21] [22] [23] In ProRoot MTA, only 8% of unbound bismuth oxide was detected in the hydrated form from the original 21% present in the unhydrated material. The losses can be attributed to the binding of bismuth phase to calcium silicate hydrate and leaching of bismuth in solution (Camilleri 2008 ). [22, 23] There are not many studies published comparing the new MTA plus and other MTA products, which have been thoroughly investigated. Formosa et al. were first to investigate the chemical and physical properties of the novel MTA Plus. They used the X-ray diffraction method to identify the crystalline phase of MTA Plus and made a comparison between its two set forms, one mixed with anti washout gel and the other mixed with distilled water. [17] Formosa et al. found that the anti-washout gel changed the rheology and properties of the material. In particular, it was noted that while MTA mixed with water had a sandy consistency, MTA mixed with anti-washout gel had a far more viscous and rubbery consistency and are most dough like. This increased viscosity may explain from a purely physical standpoint, why MTA-AW developed the threshold strength of 3.92 MPa sooner than MTA-W did. It had a higher viscosity (and thus strength level) to begin with, and as water was absorbed by MTA granules for the hydration reaction, the branched polymer network was drawn out of solution and removed as a solid, contributing to early development of strength in the cement paste. The anti washout gel added to MTA did not affect the radiopacity of resultant material the observed an increase in compressive strength of MTA-AW compared to MTA-W. [17] CONCLUSION MTA Plus proved to be effective when compared with Biodentine and MTA. MTA Plus can be suggested as a better alternative to the other bioactive materials as a root-end filling material. However, further in vitro and in vivo investigations should be conducted to determine the suitability of MTA Plus for clinical application.
